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22, ™M electivit y °f <"efin epoxWatlon process 
oatalyzedbytrtamumeilicante is improved byperforminq 
the epoxidation in the presence of mino?2nouI<J 
nonbasic salts such as lithium chloride, sodium nitrate, 
potassium sulfate, and ammonium dihydrogen phos- 



phate. For example, when hydrogen peroxide is reacted 
with propylene to form propylene oxide, non-selective 
nng-opemng reactions of the propylene oxide are sup- 
pressed when low concentrations of a nonbasic sari are 
added to the hydrogen peroxide leed. 
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This invention relates to methods whereby the efficiency of an olefin epoxidation reaction may be enhanced In 
partfcuter, the imrention pertains to an epoxidation process whereh a titanium silicaJite is ud^^JS * 



10 Background of the Invention- 

It is well known that the epoxidation of olefinic compounds with hydrogen peroxide may be effectively catalyzed 
STl", ^ 2a0lit6S C ° ntaining titanium at0ms ,or «™**> U-S. Pat. No. 4 833 CleSS 

whK* take place when epoxidation is performed in a protic medium such as water or alcohol may be suooVessedbv 
toting me cata^st prior to the readlcn or du 

H " J° neU ^ iae Kkl 9r ° UpS °" surface whfch te " d to promote by* roduS fo™£on £32 

zation, aoord.no to the patent, may be accomplished with water soluble f^sic substance Tchosen S«w m 
bases such as NaOH and KOH and weak bases euch as NH4OH, Na 2 C0 3 , NaHC0 3 , NeS mZSTS 

SZv.^ L ? ,U h n T l, V nC,U f ^ K2C ° 3 ' ^ ^ LiHCO * ^ ^ alkali JLSK 
caSafoml 9 1 t0 10 ^ artoms and «*» dkalhe earth ateohotates haying from Tto 10 

Summary of the Invention 

. h8Ve " 0W u " e f ec,eti| y discovered that by carrying out a titanium silfcalite^alalyzed epoxidation in the pres- 
e^l^rrf h ^ 01 ' n0nba6iC "*■ 6eleCtiVity 10 ep ° Xide be 6i 9" ificant * proved withotf 
^ IJS^^I^ 4^a^9^Tth^I^ C0 '^Ta W ' resu ' t Was sur Prtslng in view of the belief in the art, as evidenced 
Z J , S ^ 8 2 4 ' 976 . 1hat1.tan.um s.hcalrle mustbe treated with a basic substance oreilylated in orderlo enhance 

aTsaLSasSmi 

and also adversely affects selectivity to epoxide [(see Clerici el at. J. Catalysis 140. 71 -83 (1993)1 
Thus, theflndngthatsuch salts could be used at lower concentrations to actually Increas^he^ 
using a trtanium sil.cal.te catalyst could not have been predicted. P ODlalnea 

This invention provides a method of epoxidizing an olefin comprising reacting said olefin with hydrogen oeroxide 

Detailed Descripti on of the Invention- 

sou^^^nT^'^ ^ 35 tha ° xidant ,he present invention be obtained from any suitable 

sZl^l? f0f S P 9> ^ au,oxWation °» secaida ^ a '«>hols using air or other source of modular oxygen 

alcSoS ST^rjr^^ SUCh 83 8nd <***««■ as we., as aZatfc. 

a " l P ha ^ eth y | bonz y alo °n°' anthrahydroquinones (including alkyl^substituted anthrahydroqui- 
r n r?" ™ da reacMon P"*"* thereb V Operated may be efther used directV In the epoxidation process of this 
invention or. if so desired, purified, fractionated, concentrated, ion exchanged, or otherwise processed prior to sucS 

« h 9 ? T y If IT (Whera ,Ha kat ° na * VOla,i,e ) 0r b * extrac1i °" (wheVe the ketone 

^Tl^ZS" ° f inSO,Ubte " Wa,ef) - 7716 hVdr09an P9raXid9 may allamalive| y ^ generated in situ 
2nl LT P %r L" 9 0Xy9en ' SeCOfXtery alCOho1, c,efin ' titan,um 8llicalite and salt wfthln a reac^ 

rTnl^ ^ T a ,?!! t ' Va l ° acoom P' i8h ^ultaneous secondary alcohol autoxidation and olefin epoxidation 

oerSn SfTS 1 S*!* t0 ^ '"^ hydr0flen <* *»n about 1 to 20 weight 

percenl in the liquid phase wrlhin the reaction zone. 

nn-n^h 8thylenica ' ly ^""^ substrate epoxidized in the process of this rivention is preferabfy an organic com- 
LTn Ho h? r T ^ ,e " T 0 " al0m3 and at ,east 006 e, "y |e " ica "y unsaturated functional group (i.e. Vcarbon- 

^ d °j£ k 5 3nd ^ b8 3 CydiCl branCh ° d W 6trai9ht Chain a, P hatic ° ,efin - More ^n one Jarbon^rSn 
double bond may be present In the olefin; dienes, trlenes. and other polyunsaturated substrates thus may be used 
Exemplary olefins suitable for use in the process of this invention include ethylene, propylene, the butenes buta- 
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dien , the penten s, isoprene, 1-hexene, 3-hexene, 1 -heptane, 1 -octane, diisobutylene, 1-nonene, the trimers and 
tetramers of propylene, cyclopentene, cyclohexene, cycfohept ne, cycloocten , cyclooctadlene, dicycloperrtadlene, 
methyfenecyclopropan , methylenecycbpentan , methylenecyclohexane, vinylcyclohexane, and vinyl cyclohexene. 

Mixtures of olefins may be epoxkJized and resulting mixture of epoxides either employed In mixed form or separated 
into the different component epoxides. 

The process of this invention is especially useful for the epoxJdatfon of Cj-C^ olefins having the general structure 

c = c 

wherein R 1 , R 2 , R 3 , and R 4 are the same or different and are selected from the group consisting of hydrogen and C r 
C 8 alkyl (selected so that the total number of carbons in the olefin does not exceed 10). 

The process of this invention Is also suitable for use in epoxidizing olefins containing functional groups other than 
aliphatic hydrocarbyi moieties. For example, the carbon-carbon double bond can be substituted with groups such as 
-C0 2 H, -C0 2 R, -CN, or -OR wherein R is an alkyl, cycloalkyl, aryl oraralkyl substituent. The radicals R 1 , R2, R3 and 
R 4 in the structural formula shown hereinabove may contain aryl, aralkyl, halo, nitro, sulfonic, cyano, carbonyl (e.g., 
ketone, aldehyde), hydroxyl, carboxyl (e.g., ester, acid) or ether groups. Examples of olefins of these types include 
ailyl alcohol, etyrene, allyl chloride, ally! methyl ether, allyl phenyl ether, methyl methacrylate, acrylic acid, methyl acr- 
ylate, stilbene, and the like. 

The amount of hydrogen peroxide relative to the amount of olefin is not critical, but most suitably the molar ratio 
of olefin: hydrogen peroxide is from about 100:1 to 1:10 when the olefin contains one ethylenically unsaturated group. 
The molar ratio of ethylenically unsaturated groups in the olefin to hydrogen peroxide is more preferably in the ranqe 
offrom 1:2lo 10:1. 

The titanium silicalites useful as catalysts in the epoxidatbn step of the process comprise the class of zeolite 
substances wherein titanium is substituted for a portion of the silicon atoms in the lattice framework of a molecular 
siava. Such substances are well-known in the art. 

Particularly preferred titanium silicalites include the classes of molecular sieves commonly referred to as 'TS-I* 
(having an MR topology analogous to that of the ZSM-5 alumhosilicate zeolites), TS-2" (having an MEL topology 
analogous to that of the 2SM-11 aluminosilicatezeolites), and TS-3' (as described in Belgian Pat. No. 1,001,038). 
Also suitable for use are the titanium-containing molecular sieves having framework structures isomorphous to zeolite 
beta. The titanium silicalite preferably contains no non-oxygen elements other than titanium and silica in the lattice 
framework, although minor amounts of boron, iron, aluminum, and the like may be present. 

Titanium silicalite catalysts suitable for use in the process of this invention will generally have a composition cor- 
responding to the following empirical formula xTO 2 : (1 -xJSiOg, where x is between 0. 0001 and 0.500. More preferably 
the value of x is from 0.01 to 0.125. The molar ratio of Si:Ti in the lattice framework of the titanium silicalite is advan- 
tageously from 9.5:1 1o 99:1 (most preferably, from 9.5:1 to 60:1). The use of relatively titanium-rich silicalites may also 
be desirable. 

The amount of catalyst employed is not critical, but should be sufficient so as to substantially accomplish the 
desired epoxidation reaction in a particularly short period of time. The optimum quantity of catalyst will depend upon 
a number of factors including reaction temperature, olefin reactivity and concentration, hydrogen peroxide concentra- 
tion, type and concentration of organic solvent as well as catalyst activity and the type of reactor or reaction system (i. 
e. , batch vs. continuous) employed. In a batch-type or slurry reaction, for example, the amount of catalyst will typically 
be from 0.001 to 1 0 grams per mole of olefin. In a fixed or packed bed system, the optimum quantity of catalyst will be 
influenced by the flow rate of reactants through the fixed bed; typically, from about 0.05 to 2.0 kilograms hydrogen 
peroxide per kilogram catalyst per hour will be utilized. The concentration of titanium in the liquid phase reaction mixture 
will generally be from about 10 to 10,000 ppm. 

The catalyst may be utilized in powder, pellet, microspheric, extruded, monolithic or any other suitable physical 
form. The useof a binder (co-gel) or support in combination with the titanium silicalite may be advantageous. Supported 
or bound catalysts may be prepared by the methods known in the art to be effective for zeolite catalysts in general. 
Preferably, the binder or support is essentially non^acidic and does not catalyze the non-selective decomposition of 
hydrogen peroxide or ring-opening of the epoxide. 

Illustrative binders and supports Include titan la, silica, alumina, silica-alumina, silicatitania, sillca-thoria, silica-mag- 
nesia, silica-zironia, silica-beryllia, and ternary compositions of silica with other refractory oxides. Also useful are clays 
such as montmorilbnites, koalhs, bentonites, halloysites, dickites, nacrttes, and ananxites. The proportion of titanium 
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Gilicalit rbinder or support may range from 99:1 to 1:99, but preferably is from 5:95 to 80 20 

A critical feature of the process of this Invention Is the presence of a nonbaslc salt. While the precise mechanism 
by which the improved epoxide selectivities of the process are realized is not known, it is believed that the nonbasic 
salt Interacts in afavorabl way with th titanium slllcalite catalyst so as to suppress undeslred side reactions such as 
epoxide nng^penng. In one embodiment, the titanium silicalite is pretreated (i.e., prior to epoxidation) with the nonbasic 
salt. One suitable pretreatment method Involves forming a slurry of the catalyst in a diluted solution of the nonbasic 
salt in a suitable solvent for the salt such as water and/or alcohol and stirring the slurry at a temperature of from 20°C 
to 100 C for a time effective to incorporate sufficient nonbasic salt into the pores of the titanium silicalite The catalyst 
is thereafter separated from the slurry by suitable means such as filtration, centrifugation, or decanlatton washed if 
so desired, and then, optionally, dried of residual solvent. In another pretreatment method, an as^synthesized titanium 
silicairte is impregnated with a solution of the nonbasic salt and then calcined. In a preferred embodiment however 
the nonbasic salt is introduced into the reaction zone separately from the catalyst during epoxidation For example 
the nonbasic salt may be suitably dissolved in the hydrogen peroxide feed, which typically will also contain a relatively 
polar solvent such as water, alcohol, and/or ketone. In a continuous process, the concentration of nonbasic salt In the 
feed entering the reaction zone may be periodically adjusted as desired or necessary in order to optimize the epoxi- 
dation results attained. H may, for example, be advantageous to use a constant salt concentration, to Produce the salt 
at intermittent intervals, or to increase or decrease the salt concentration over time. 

A saJt is a compound formed when the proton of an acid is replaced by a metal cation or its equivalent (e g NHL+) 
Suitable salts for the purpose of this invention include those nonbasic substances which comprise an anion and a 
cation preferably selected from ammonium (NH 4 ), alkali metals (especially Li, Na, K), and alkaline earth metals Pre- 
ferred anions Include, but are not limited to, haiide (especially CI and Br), nitrate (NOj), sulfate (S0 4 ), and the anions 
of phosphorus-, arsenic-, antimony- and tin-containing acids such as phosphate, arsenate, andstannate Otheranions 
such as formate, acetate, bicarbonate, and the like may, depending upon the identity of the cation, also be used 
provided the resulting salt is nonbasic in character. Exemplary nonbasic salts suitable for use hclude lithium chloride' 
lithium bromide, sodium chloride, sodium bromide, lithium nitrate, sodium nitrate, potassium nitrate, lithium sulfate' 
sodium sulfate, potassium sulfate, lithium, magnesium, calcium, barium, and ammonium acetate (and other nonbasic 
salts of carboxylic acids, especially 0,-0^ carboxylic acids). Mixtures or combinations of nonbasic salts may be ad- 
vantageously employed. Preferably, the nonbasic salt is soluble in the liquid phase of the epoxidation reaction mixture 
(which typically is comprised of hydrogen peroxide, solvent, and olefin). "Nonbasic" in the context of this invention 
means a substance which when dissolved at a concentration of 0.1 N (or to saturation, if the maximum possible con- 
centration is less than 0. 1 N) in water at 25°C, provides a solution having a pH of less than 8 (more preferably less than 
7.1 ) but preferably greater than 4. In one embodiment, an essentially neutral salt is employed. 

In one embodiment of this invention, nonbasic salts of phosphorus-, antimony arsenic-, and tin-containing oxy- 
acids and hydrous oxides of such elements are utilized. Such oxy^acids and hydrous oxides may be either organic or 
inorganic in character, including, for example, phosphoric acids, phosphorous acids, phosphonic acids, phosphinic 
acids, stannic acids, arsenic acids, antimany acids and the like. Specific illustrative examples are ammonium dihydro- 
gen phosphate, sodium dihydrogen phosphate, potassium dihydrogen phosphate, disodium dihydrogen pyrophos- 
phate, and the alkali metal and ammonium salts of (nitrilotris(methylene)) triphosphonic acid, aminotrimethylene phos- 
phonic acid, (1 -hydroxyethylidene) diphosphonic acid, and (ethylene dinitrilo)-tetramethylene phosphonic acid and the 
like as well as the analogous tin, arsenic, and antimony compounds. 

An especially desirable embodiment of the present invention involves selecting a nonbasic salt which not only 
enhances epoxide selectivity when used In combination with a titanium silicalite catalyst but which also acts as a 
hydrogen peroxide stabilizer during the oxidatior, of a secondary alcohol to generate the hydrogen peroxide to be used 
in epoxidation. That is, the nonbasic salt can be introduced during secondary alcohol oxidation and then carried forward 
in the hydrogen peroxide stream to the olefin epoxidation step. Nonbasic salts of oxy-aclds of phosphorus are especially 
useful for such purpose, particularly those compounds which sequester ions of heavy metals such as ferric cupric 
cobaltic, and chromic Ions. ' ' 

To avoid an undesirable decrease in the rate of hydrogen peroxide conversion, the concentration of nonbasic salt 
in the liquid phase within the reaction zone should generally be no greater than 0.02 M. Below 0.00001 M, little or no 
enhancement in epoxide selectivity Is generally observed. The optimum concentration of nonbasic salt which is utilized 
will vary depending upon a number of factors, including, for example, the chemical identity of the nonbasic salt tem- 
perature, solvent, space velocity, and the like, but may be readily determined by routine experimentation. Generally 
speaking, the level of nonbasic salt in the liquid phase epoxidation reaction mixture is desirably maintained from about 
1 tdOOOppm. 

The epoxidation reaction temperature is preferably from 0°C to 1 00°C (more preferably from 40°C to 80°C), which 
has been found to be sufficient to accomplish selective conversion of the olefin to epoxide within a reasonably short 
period of time with minimal non-selective decomposition of the hydrogen peroxide. It Is generally advantageous to 
carry out the reaction to achieve as high a hydrogen peroxide conversion as possible, preferably at least 50%, more 
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preferably at least 90%. most preferably at least 99%, consistent with reasonable setectivities. The optimum reaction 
SEE? by and «** ^rate reacts «JS£5ST to 

SI ^TS *" ,aCt0fS - Rea0M0n ° f r6SidenCa Umes 1 fram about 10 minutes to 48 Ss^ 
WoaMy be appropriate, depending upon the aboveHdentified variables. The reaction Is preferably performed at « 
mosphenc pressure or at elevated pressure (typically, between 1 and 100 atnx^hen^J. GeneralV Vw^eTsiSbl 

a boiling pohl at atmospheric pressure which Is lees than the epoxldalion temperature, a suiwLapheSwSZ! 
sufficient to maintain the desired concentration of propylene in the liquW phaseis preferablyX^T ' 
u,;JHZ t P^ 683 * this inven,ion ma V 136 out in a batch, continuous, or seml-contlnuous manner 
^ Pr ° Pr ^!j yPe 01 feaCtion VGSsel or 6Uch a f«ed bed. transport bed. rfm!EZ or^TR 

2£ , ,0f C ° ndUCtin9 m0ta, ^ ta Vzed epoxidattons using hydroperoxide wTgeneSh Talso be 

suitable for use. Thus, the reactants may be combined all at once or sequentially. For example the hvdnmn Wirf! 
and/or the olefin may be added incrementally to the readfon zone. V ^ example, the hydrogen peroxide 

E poxJdatlon may be performed In the presence of a suitable solvent In order to dissolve or disperse the reactants 

Suitable solvents ino,ude ' bul ara 001 ,h,i,ad to - K2£JIJ2E£ 

*J?,!!ZT« POXUSa60 !!!' a!i been Carried 001 10 the desired de 9«* of conversion, the epoxide product may be 
serrated and recovered from the reaction mixture using any appropriate technique such aMractioS^stSon 
erf rachve d ra t.llat„n .^-liquid extraction, crystallization, or the like. After separating from the ^SSSwSSS 
mixture by any suitable method such as filtration (as when a slurry reactor isutlllzeo, for examSeTTheTec^'eo 
ZTJ!^ TS^ b9 8COn0rnk:ally re - Sfld h -^sequent epoxklations. Pr^r to Z*££ t£22£ 
may, rf so des.red, be retreated with the nonbasic salt Where the catalyst is deployed in the form ofTfixed b?d S 
epoxdation product withdrawn as a stream from the epoxidation zone will be essenLly cafc 5X. lESSS 
being retained wrihn the epoxidation zone. Simibrly. any unreacted otefin or hydrogen peroxide r^beVaSSS 
and recycled or otherwise disposed of. in certain embodiments of the instant process where uTepoxi* is pToducS 

in orderto maintain optanum actwrty and selectivity. Suitable regeneration techniques are well-known and include for 

*> ZEST"™ " d 80,vent lreatment Re9eneratfon °" also *** re « <* ^ZZ^TZ 

invention rt*X£2^ ^ *!* " ^ a8C9rtain ,he <*aracteristics of this 

hl^! : . depart,n 9 from s P ,rrt ^ soops Ihereof, can make various changes and modifications of 
the invention to adapt it to various usages, conditions, and embodiments. of 

35 EXAMPLES 

Comparative Exampin i 

«» T -SSS? 8 " 01 ° Xida,a th3t h ™ bea " frac,iona1ed to r «r»ve acetone was simulated by combinhq isopropanol 
LdiSnS h/d :° 9en O" 0 ™* (1 «* 1,16 "**• ^ ,ound to ««* 6.87 wf% hydrogen S 

r^SSSTL <33 9 = ° 067 ^ 3nd " TS " 1 " lHanium Si,icalita (0-37g) were chafed to 

ll^^T Parf ^ and fWed Wi,h a head COnteInino a d 'P ,ube anached to a propylene cylinder, a 
hemxx»uple pressure gauge and pressure relief valve. Propylene (32 mL; 0.39 mol) was adde^and the reac or 
hereafter submerged ,n a preheated oil bath. The reaction mixture was held at 55»C for 1 hour The reactor was 
transferred to an tee bath and vented at 5»C. The reaction product was lodiometrlcaiy titrated and analyztS by gas 
chromatography, yielding the following results: anaryzeo oy gas 
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Hydrogen peroxide, % conversion 


94 


Selectivity (based on H 2 0 2 ), % 




Propylene oxide 


74 


Acetone 


6 


Solvolysis products 


18 



55 Example 2 



rir iS0pro P a "° , ° xida [ e Was «™toe<i by combining isopropanol (43 g), melhanol (43 g). and 50% aqueous hy- 
g peroxrae p4 g), the oxKiate contained 6.75 wl % HjO^ The oxidate (33 g), TS-1 titanium silicalite catalyst 
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weS^eT™ Chl0fid8 10 0029 9) W8re r9aCt9d - *«*- - Connive Ex^p.e 1 . 



The following results 



Hydrogen peroxide, 

% conversion % Selectivity (based on H£ 2 ) 
Propylene oxide " 
Acetone 

Solvolysis products 



99 

93 
1 
6 



Comparative Exam ple g 
were'S*^'^ 



The following results 



Hydrogen peroxide, % conversion 


99 


% Selectivity (based on H 2 0 2 ) 




Propylene oxide 


91 


Acetone 


2 


Solvolysis products 


7 



catalyst 



-.«.«„ aceia[fl ( one or the basic substances suggested by U S Pat No "I ^ ™V ~ exp ^' on ' 83 e * ectlve 
a trtanium silicalite epoxidation catalyst. 4,824,976) in mproving the selectivity of 

Examples 4-6 
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Example No. 
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Nonbasic salt (ppm) 
Hydrogen peroxide, % conversion 
Selectivity (based on H^), % 
Propylene oxide 
Acetone 
[ Sorvofysis products 


Na2S04(114) 
99 

69 
1 

10 


LiNO 3 (106) 
96 

90 
1 
9 


NaCI(87) 
99 

87 
2 
11 



trations 1 



The above results show that a variety of alkali metal salts containing nonbasic 
sns to enhance selectivity to epoxide. nonoasic 



anions can be used at low concen- 
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Comparat ive Examples 7-Q 

imate.y the same no maL'which 3K2 e^d " ' * ° Xide *» 



Example No. 
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Basic substance (ppm) 
Hydrogen peroxide, % conversion 
Selectivity (based on H 2 0 2 ), % 

Propylene oxide 

Acetone 

Solvolysis products 


Na2HP0 4 (61) 
92 

90 

3 

7 


NaOAc(36) 
96 

90 
2 
8 


NaOH(740) 
97 

89 
3 
6 
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Example 8. comparable poxidation resulte were obSned Th?!S h Com f»railve 

Patent No. 4,824,976 mat baste substarKesTn^o i^rT^SJ * ° f ^ ^ * "* 



Example No. 


10 


11 


Nonbasic salt (ppm) 

Hydrogen peroxide, % conversion 

Selectivity (based on HgOg), % 

Propylene oxide 

Acetone 

Sofvolysis products 


Mg(OAc) 2 (213) 
96 

87 
2 
11 


NH 4 OAc(82) 
96 

91 
2 
7 



Comparati ve Examp le 1? 

Tl» OXUat. comalDM 6.88 m.%H0,L iotom,Si!,1? 2 ["* ac " t " : aM <"« "« »otmto add (0.18) 



Hydrogen Peroxide, % conversion 
Selectivity (based on H 2 0 2 ), % 

Propylene Oxide 

Acetone 

Solvorysis Products 



Example 13 



99 

79 
2 



Comparative Examp.e 12 was repealed, but with lithium nitrate (0.0038g; mppm, added to 



the oxidate: 



Hydrogen Peroxide, % conversion 
Selectivity (based on HgOg). % 

Propylene Oxide 

Acetone 

Sofvolysis Products 



99 

86 
2 
10 



45 Examples 14-Pn 

0.2% acetic acid, and 0.028% fonL a^^^^^ * **°*" 

» results obtained, shown in Table I, confirm that seS^Tn^Z?! ? 6 ' l,Callte n powd8r fofm <° ^ The 
saltfepresentasconparedtothecc^roZ^^ 

by-products formed is reduced despite the feS Z the 22^ ,f ' ^"""B* the amount of ring-opened 
ring-opening of an epoxide is P^Jff^'^S^^ «** character. Norma,*, 

55 
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1. 
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tl^^^^l^^ reaclln 9 MW hydrogen peroxide in a reaction zone in the 

presenceolatitanlum Ilicalfte cataiyst and an amountol a nonbaslc salt effects to Improve selectivity^ 

2 ' 2 LT efeln me n ° nbaSlC saft 18 ***** from -nmonkiin. alkali metal, and alkaline earth 

halides ammonium, aikalimetal, and alkaline earth nitrates, ammonium, alkalimetal, and alkaline earth suffaSs 

and alkaline earth salts of phosphorus-containing oxy-acids. 

3. The method of claim 1 or claim 2 wherein said reacting is performed at a temperature of from 0>C to 10CC. 

4. The method of any preceding claim wherein said reacting is performed in a liquid phase. 

5 ' C^T^t*^ 4 £ 9te T° PhaM 18 COmpriSad * 3 60,Ven1 6a,actfld f ™ C,-C 10 alcohols 
C3-c 10 ketones, and mixtures thereof. 1 10 ' 

6. The method of any preceding claim wherein the olefin is a C^-C^ aliphatic olefin. 

7. The method of any preceding claim wherein said reacting ie carried out continuously. 

8 ' fwm oftflted bed *" ^"'^ ""^ * dep,oyad in 1he reaction zone in th ° 

25 *' Sm oftsfuS. any PreC6dinS °' aim Wh9f8in 1itaniUm 6i ' i0a,ite CatalySt " depl0y9d in 1,16 raaCtfon 2 ° ne in 
10 ' ?e 9 iSd h med1um y PreCedh9 ^ "* Pfe9ent 81 8 concen1ration * fr °™ 0.00001 M 10 0.02M in 

30 

11 l m f 1 ? aC ^ din9 * "V P reC0 din9 claim wherein the nonbasic salt comprises a cation selected from NHL- Li 
Na. K. Mb. and Ca and an anion selecled from CI. Br. NO, S0 4 . phosphate, and acetate. ^ 

12. A method for epoxktaing a C 2 -C 10 aliphatic olefin comprising reacting said <VC 10 aliphatic olefin with hydroqen 

ZZZ " i q pte8e within a reac,ion zone 10 the pre8ence of a so ^ a « a SyKK 

no ^ irrr 9 a ca,,on selacied from nh * u Na - * m * and ca and a ° ™™ *™ 5 e r 

N0 3 , S0 4 phosphate, and acelate, subjecl to the proviso that when the anion is acetate, the cation is a cation 
herthan Na and K. said nonbasic sail being present at a concentration ol from 0.00001 M to 0.02 M in said liquid 

^? e1h0d 0l 12 WhSrein th8 ,tonium Silica,ita ""a** " d8 P |o y ed in 1he a fixed bed within the 

reaction zone. 

^Z^fiV^ C ' aim . 1 3 Wh9rein 0 3liphatiC ° ,efin ' hydro " n P 9roxkJo - so,vont ' and ncnbasio 

salt are Produced Into the reaction zone and a product stream comprised of an epoxide corresponding to the C- 
C 10 aliphatic olefin is withdrawn from the reaction zone. Mooing to ine Ug 

15. "J""^ 

of the titanium silicairle catalyst into the reaction zone. 

16 " 2^ Cfc 12 10 15 Wh9r9 " 1 SO,V8nt " SG,9Cted ^ °- C - a,COh ° te ' °-°io ^ones 

17 ' ilih.r^ ° f ^ preCedh9 ° ,ahl Whefeln me nonbasi0 13 se,ecled f ™ m "<" Chloride, sodium sulfate, 
gpn phSe ^ aCetate> ammon,um aC6tate> amrnonlun > ^hydrogen phosphate, and sodium dihydro- 

18. The method of any preceding claim wherein the olefin is propylene. 



40 



45 



so 



55 
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19. The method of any preceding claim wherein th temperature is from 40»C to BO»C. 

20. Themethodofany preceding claim wherein Ihetitaniumsilicalitecataiyslhasan MR. MEL, or zeolite beta topology. 

21. The method of any preceding clarn wher in the titanium eilicalite catalyst has a composition corresoonrtinn i„ », 
chemical formula xTiO^I-xJSiQ, wherein x Is from 0.01 to 0.125. """P 061 "™ corresponding to the 

22. The method of claim 20 wherein the titanium eilicalite has an MR toDoloov and a onmnrv^i^ . a- 

the chemical formula fflOtfl -x) SiO* whereh x is from 0.01 Sal* ™V<**™ corresponding to 
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